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I n an effort to improve the quality of care delivered to heart failure (HF) patients, the Centers for Medicare & Medicaid Services (CMS) publish hospitals' 30-day risk-standardized mortality rates (RSMRs) for HF. 1 These mortality rates are also used by CMS to determine the nancial penalties and bonuses that hospitals receive as part of the national Hospital Value-based Purchasing program. 2 Whether or not these efforts effectively direct patients towards high-quality providers or motivate hospitals to provide better care, few would disagree with the overarching goal of decreasing the number of patients who die from HF.
However, for some patients with chronic disease at the end of life, goals of care may change. The quality of days lived may become more important than the quantity of days lived. As a consequence, high-quality care for some patients at the end of life is associated with withdrawing life-sustaining or life-extending therapies. Over time, this therapeutic perspective has become more common, with use of hospice care doubling from 23% to 47% between 2000 and 2012 among Medicare bene ciaries who died. 3 For a national cohort of older patients admitted with HF-not just those patients who died in that same year-hospitals' rates of referral to hospice are considerably lower, averaging 2.9% in 2010 in a national study. 4 Nevertheless, it is possible that hospitals that more faithfully follow their dying patients' wishes and withdraw life-prolonging interventions and provide comfort-focused care at the end of life might be unfairly penalized if such efforts resulted in higher mortality rates than other hospitals.
Therefore, we used Medicare data linked to a national HF registry with information about end-of-life care, to address 3 questions: (1) How much do hospitals vary in their rates of early comfort care and how has this changed over time; (2) What hospital and patient factors are associated with higher early comfort care rates; and (3) Is there a correlation between 30-day risk-adjusted mortality rates for HF with hospital rates of early comfort care?
METHODS

Data Sources
We used data from the American Heart Association's Get With The Guidelines-Heart Failure (GWTG-HF) registry. GWTG-HF is a voluntary, inpatient, quality improvement registry [5] [6] [7] that uses web-based tools and standard questionnaires to collect data on patients with HF admitted to participating hospitals nationwide. The data include information from admission (eg, sociodemographic characteristics, symptoms, medical history, and initial laboratory and test results), the inpatient stay (eg, therapies), and discharge (eg, discharge destination, whether and when comfort care was initiated). We linked the GWTG-HF registry data to Medicare claims data in order to obtain information about Medicare eligibility and patient comorbidities. Additionally, we used data from the American Hospital Association (2008) for hospital characteristics. Quintiles Real-World & Late Phase Research (Cambridge, MA) serves as the data coordinating center for GWTG-HF and the Duke Clinical Research Institute (Durham, NC) serves as the statistical analytic center. GWTG-HF participating sites have a waiver of informed consent because the data are de-identi ed and primarily used for quality improvement. All analyses performed on this data have been approved by the Duke Medical Center Institutional Review Board.
Study Population
We identi ed 107,263 CMS-linked patients who were 65 years of age or older and hospitalized with HF at 348 fully participating GWTG-HF sites from February 17, 2008 , to December 1, 2014. We excluded an additional 12,576 patients who were not enrolled in fee-for-service Medicare at admission, were transferred into the hospital, or had missing comfort measures only (CMO) timing information. We also excluded 767 patients at 68 sites with fewer than 30 patients. These exclusions left us with 93,920 HF patients cared for at 272 hospitals for our nal study cohort (Supporting Figure 1) .
Study Outcomes
Our outcome of interest was the correlation between a hospital's rate of initiating early CMO for admitted HF patients and a hospital's 30-day RSMR for HF. The GWTG-HF questionnaire 8 asks "When is the earliest physician/advanced practice nurse/ physician assistant documentation of comfort measures only?" and permits 4 responses: day 0 or 1, day 2 or after, timing unclear, or not documented/unable to determine. We de ned early CMO as CMO on day 0 or 1, and late/no CMO as any other response. We chose to examine early comfort care because many hospitalized patients transition to comfort care before they die if the death is in any way predictable. Thus, if comfort care is measured at any time during the hospitalization, hospitals that have high mortality rates are likely to have high comfort care rates. Therefore, we chose to use the more precise measure of early comfort care. We created hospital-level, risk-standardized early comfort care rates using the same risk-adjustment model used for RSMRs but with the outcome of early comfort care instead of mortality. 9, 10 RSMRs were calculated using a validated GWTG-HF 30-day risk-standardized mortality model 9 with additional variables identi ed from other GWTG-HF analyses. 10 The 30 days are measured as the 30 days after the index admission date.
Statistical Analyses
We described trends in early comfort care rates over time, from February 17, 2008 , to February 17, 2014 , using the Cochran-Armitage test for trend. We then grouped hospitals into quintiles based on their unadjusted early comfort care rates. We described patient and hospital characteristics for each quintile, using χ 2 tests to test for differences across quintiles for categorical variables and Wilcoxon rank sum tests to assess for differences across quintiles for continuous variables. We then examined the Spearman's rank correlation between hospitals' RSMR and risk-adjusted comfort care rates. Finally, we compared hospital-level RSMRs before and after adjusting for early comfort care.
We performed risk-adjustment for these last 2 analyses as follows. For each patient, covariates were obtained from the GWTG-HF registry. Clinical data captured for the index admission were utilized in the risk-adjustment model (for both RSMRs and risk-adjusted comfort care rates). Included covariates were as follows: age (per 10 years); race (black vs non-black); systolic blood pressure at admission ≤170 (per 10 mm Hg); respiratory rate (per 5 respirations/min); heart rate ≤105 (per 10 beats/ min); weight ≤100 (per 5 kg); weight >100 (per 5 kg); blood urea nitrogen (per 10 mg/dl); brain natriuretic peptide ≤2000 (per 500 pg/ml); hemoglobin 10-14 (per 1 g/dl); troponin abnormal Hierarchical logistic regression modeling was used to calculate the hospital-speci c RSMR. A predicted/expected ratio similar to an observed/expected (O/E) ratio was calculated using the following modi cations: (1) instead of the observed (crude) number of deaths, the numerator is the number of deaths predicted by the hierarchical model among a hospital's patients given the patients' risk factors and the hospital-speci c effect; (2) the denominator is the expected number of deaths among the hospital's patients given the patients' risk factors and the average of all hospital-speci c effects overall; and (3) the ratio of the numerator and denominator are then multiplied by the observed overall mortality rate (same as O/E). This calculation is the method used by CMS to derive RSMRs. 11 Multiple imputation was used to handle missing data in the models; 25 imputed datasets using the fully conditional speci cation method were created. Patients with missing prior comorbidities were assumed to not have those conditions. Hospital characteristics were not imputed; therefore, for analyses that required construction of risk-adjusted comfort care rates or RSMRs, we excluded 18,867 patients cared for at 82 hospitals missing hospital characteristics. We ran 2 sets of models for risk-adjusted comfort care rates and RSMRs: the rst adjusted only for patient characteristics, and the second adjusted for both patient and hospital characteristics. Results from the 2 models were similar, so we present only results from the latter. Variance in ation factors were all <2, indicating the collinearity between covariates was not an issue.
All statistical analyses were performed by using SAS version 9.4 (SAS Institute, Cary, NC). We tested for statistical signicance by using 2-tailed tests and considered P values <.05 to be statistically signi cant.
RESULTS
Of the 272 hospitals included in our nal study cohort, the observed median overall rate of early comfort care in this study was 1.9% (25th to 75th percentile: 0.9% to 4.0%); hospitals varied widely in unadjusted early comfort care rates (0.00% to 0.46% in the lowest quintile, and 4.60% to 39.91% in the highest quintile; Table 1 ).
The sociodemographic characteristics of the 93,920 patients included in our study cohort differed across hospital comfort care quintiles. Compared with patients cared for by hospitals in the lowest comfort care quintile, patients cared for by hospitals in the highest comfort care quintile were less likely to be male (44.6% vs 46.7%, P = .0003), and less likely to be black (8.1% vs 14.0%), Asian (0.9% vs 1.2%), or Hispanic (6.2% vs 11.6%; P < .0001). Patients cared for at hospitals in the highest versus the lowest comfort care quintiles had slightly higher rates of prior stroke or transient ischemic attack (17.9% vs 13.5%; P < .0001), chronic dialysis (4.7% vs 2.9%; P = .002), and depression (12.8% vs 9.3%, P < .0001).
Compared to hospitals in the lowest comfort care quintile, hospitals in the highest comfort care quintile were as likely to be academic teaching hospitals (38.9% vs 47.2%; P = .14; Table 2). Hospitals in the highest comfort care quintiles were less likely to have the ability to perform surgical interventions, such as cardiac surgery (52.6% vs 66.7%, P = .04) or heart transplants (2.5% vs 12.1%; P = .04).
Early comfort care rates showed minimal change from 2.60% in 2008 to 2.49% in 2013 (P = 0.56; Figure 1 ). For this entire time period, there were a few hospitals that had very high early comfort care rates, but 90% of hospitals had comfort care rates that were 7.2% or lower. About 19.9% of hospitals (54 hospitals) initiated early comfort care on 0.5% or less of their patients admitted with HF; about half of hospitals initiated comfort care for 1.9% or fewer of their patients (Figure 2 ). There was a more even distribution of late CMO rate across hospitals (Supporting Figure 2 ). Hospitals' 30-day RSMR and risk-adjusted comfort care rates showed a very weak, but statistically insigni cant positive correlation (Spearman's rank correlation ρ = 0.13, P = .0660; Figure 3) . Hospitals' 30-day RSMR before versus after adjusting for comfort care were largely similar (Supporting Figure 3 ). The median hospital-level RSMR was 10.9%, 25th to 75th percentile, 10.1% to 12.0% (data not displayed). The mean difference between RSMR after comfort care adjustment, compared to before adjustment, was 0.001% (95% con dence interval [CI], −0.014% to 0.017%). However, for the 90 hospitals with comfort care rates of 1.9% (ie, the median) or above, mortality rates decreased slightly after comfort care adjustment (mean change of −0.07%; 95% CI, −0.06 to −0.08; P < .0001). Patient-level RSMR decreased after excluding early comfort care patients, although the shape of the distribution remained the same (Supporting Figure 4) .
DISCUSSION
Among a national sample of US hospitals, we found wide variation in how frequently health care providers deliver comfort care within the rst 2 days of admission for HF. A minority of hospitals reported no early comfort care on any patients throughout the 6-year study period, but hospitals in the highest quintile initiated early comfort care rates for at least 1 in 20 HF patients. Hospitals that were more likely to initiate early comfort care had a higher proportion of female and white patients and were less likely to have the capacity to deliver aggressive surgical interventions such as heart transplants. Hospital-level 30-day RSMRs were not correlated with rates of early comfort care. While the appropriate rate of early comfort care for patients hospitalized with HF is unknown, given that the average hospital RSMR is approximately 12% for fee-for-service Medicare patients hospitalized with HF, 12 it is surprising that some hospitals initiated early comfort care on none or very few of their HF patients. It is quite possible that many of these hospitals initiated comfort care for some of their patients after 48 hours of hospitalization. We were unable to estimate the average period of time patients received comfort care prior to dying, the degree to which this varies across hospitals or why it might vary, and whether the length of time between comfort care initiation and death is related to satisfaction with end-of-life care. Future research on these topics would help inform providers seeking to deliver better end-of-life care. In this study, we also were unable to estimate how often early comfort care was not initiated because patients had a good prognosis. However, prior studies have suggested low rates of comfort care or hospice referral even among patients at very high estimated mortality risk. 4 It is also possible that providers and families had concerns about the ability to accurately prognosticate, although several models have been shown to perform acceptably for patients hospitalized with HF. 13 We found that comfort care rates did not increase over time, even though use of hospice care doubled among Medicare bene ciaries between 2000 and 2012. By way of context, cancer-the second leading cause of death in the US-was responsible for 38% of hospice admissions in 2013, whereas heart disease (including but not limited to HF)-the leading cause of death-was responsible for 13% of hospice admissions. 14 The 2013 American College of Cardiology Foundation and the American Heart Association guidelines for HF recommend consideration of hospice or palliative care for inpatient and transitional care. 15 In future work, it would be important to better understand the drivers behind decisions around comfort care for patients hospitalized with HF.
With regards to the policy implications of our study, we found that on average, adjusting 30-day mortality rates for early comfort care was not associated with a change in hospital mortality rankings. For those hospitals with high comfort care rates, adjusting for comfort care did lower mortality rates, but the change was so small as to be clinically insigni cant. CMS' RSMR for HF excludes patients enrolled in hospice during the 12 months prior to index admission, including the rst day of the index admission, acknowledging that death may not be an untoward outcome for such patients. 16 Fee-for-service Medicare bene ciaries excluded for hospice enrollment comprised 1.29% of HF admissions from July 2012 to June 2015 16 and are likely a subset of early comfort care patients in our sample, both because of the inclusiveness of chart review (vs claimsbased identi cation) and because we de ned early comfort care as comfort care initiated on day 0 or 1 of hospitalization. Nevertheless, with our data we cannot assess to what degree our ndings were due solely to hospice patients excluded from CMS' current estimates.
Prior research has described the underuse of palliative care among patients with HF 17 and the association of palliative care with better patient and family experiences at the end of life. [18] [19] [20] We add to this literature by describing the epidemiologyprevalence, changes over time, and associated factors-of early comfort care for HF in a national sample of hospitals. This serves as a baseline for future work on end-of-life care among patients hospitalized for HF. Our ndings also contribute to ongoing discussion about how best to risk-adjust mortality metrics used to assess hospital quality in pay-for-performance programs. Recent research on stroke and pneumonia based on California data suggests that not accounting for do-not-resuscitate (DNR) status biases hospital mortality rates. 21, 22 Earlier research examined the impact of adjusting hospital mortality rates for DNR for a broader range of conditions. 23, 24 We expand this line of inquiry by examining the hospital-level association of early comfort care with mortality rates for HF, utilizing a national, contemporary cohort of inpatient stays. In addition, while studies have found that DNR rates within the rst 24 hours of admission are relatively high (median 15.8% for pneumonia; 13.3% for stroke), 21, 22 comfort care is distinct from DNR. Our ndings should be interpreted in the context of several potential limitations. First, we did not have any information about patient or family wishes regarding end-of-life care, or the exact timing of early comfort care (eg, day 0 or day 1). The initiation of comfort care usually follows conversations about end-of-life care involving a patient, his or her family, and the medical team. Thus, we do not know if low early comfort care rates represent the lack of such a conversation (and thus poor-quality care) or the desire by most patients not to initiate early comfort care (and thus high-quality care). This would be an important area for future research. Second, we included only patients admitted to hospitals that participate in GWTG-HF, a voluntary quality improvement initiative. This may limit the generalizability of our ndings, but it is unclear how our sample might bias our ndings. Hospitals engaged in quality improvement may be more likely to initiate early comfort care aligned with patients' wishes; on the other hand, hospitals with advanced surgical capabilities are over-represented in our sample and these hospitals are less likely to initiate early comfort care. Third, we examined associations and cannot make conclusions about causality. Residual measured and unmeasured confounding may in uence these ndings.
In summary, we found that early comfort care rates for fee-for-service Medicare bene ciaries admitted for HF varies widely among hospitals, but median rates of early comfort care have not changed over time. On average, there was no correlation between hospital-level, 30-day, RSMRs and rates of early comfort care. This suggests that current efforts to lower mortality rates have not had unintended consequences for hospitals that institute early comfort care more commonly than their peers.
